Currently, in a context of sustainable development, the economic and environmental challenges incite, to valorize local materials such as clays and agro-industrial waste. It is in this approach that a new category of compressed earth bricks (BTC) stabilized with shea meal (TK) and cement was proposed. The purpose of this paper is to investigate the effect of shea meal rate on the thermal conductivity properties of cement stabilized earth bricks. A lateritic clay (Lat) mainly composed of kaolinite (38.44%), quartz (24.94%), goethite (12.28%), hematite (4.44%) and illite (19.9%) was used to make bricks. Different mix designs made up of lateritic clay and 5% cement were studied. The shea meal is added as a partial lateritic clay replacement in different proportions. The thermal conductivity was determined by hot disk method and correlated to both porosity and density of elaborated materials. The results obtained show that the thermal conductivity and density of bricks decrease respectively from 0.72 W•m −1
Introduction
All human activities (industry, transport, deforestation, agriculture, construction, etc.) generate a high concentration of greenhouse gases in the atmosphere, leading to the global warming that the world has been facing in recent years. This has direct consequence of the natural disasters such as drought, melting glaciers, floods, hurricanes, etc.
The construction sector plays an important role as the construction process requires significant energy demand and causes environmental side effects, namely: greenhouse gas emissions, high water consumption, as well as the production of solid and liquid wastes [1] [2] [3] . Given the current global concerns for sustainable development resulting from environmental problems such as climate change and resource depletion, coupled with the rapid pace of technological advancement in the building sector, interest in alternative building materials such as earth has developed.
The earth, because of its availability and ease of implementation, is indeed an ideal building material. Its extraction, processing, production and transport require very little energy. Moreover, the earth is 100% recyclable and provides an interior comfort since it is a good thermal, humidity and acoustic regulator.
However, the technology of compressed earth bricks (CEB) or stabilized earth bricks (SEB) still uses a significant amount of cement [4] .
Earthen construction has been used for several thousand years in various parts of the world [5] . But such a building suffers from certain deficiencies, such as mechanical strength, water resistance and durability [6] [7] . To overcome these problems, plant debris, fly ash or small amounts of cement or lime are commonly added [8] [9] .
Furthermore, the production of shea butter generates a significant amount of waste called shea meal. The shea (its scientific name Vitellaria paradoxa) is a tree that grows wild in the savanna regions in the North of Côte d'Ivoire. The shea meal which is constituted of 50% -75% of shea butter seeds, cannot be used for livestock feed because of its high lignite content [10] and is a source of environmental pollution. As well, it has been shown that the sticky black residue, left after extraction of the shea butter, can be used to fill the cracks in the walls and as a waterproofing material [10] . Shea meal could therefore be used in addition to lime or cement in the production of compressed earth brick in order to improve both the mechanical, chemical and durability properties of the bricks. In the region of Korhogo, it is very hot, the temperatures often reach 36˚C. This encourages researchers to propose alternative solutions based on sustainable materials "eco-materials", environmentally friendly and have good thermal insulation properties.
The thermal conductivity of clay-based materials has been studied extensively, mainly in the case of materials consolidated with thermal treatments for applications in building. The thermal conductivity depends strongly on the nature of raw materials, temperature of thermal treatment during which transformations •K −1 [13] .
The purpose of this work is to study the impact of shea meal rate on the thermal conductivity of cement-stabilized earth bricks.
Materials and Methods

Materials
Lateritic 
Methods
The Chemical composition of the clay used in this study was determined by means of Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)
method. Prior to analysis, the clay sample dried at 110˚C for 24 hours was dissolved using an ANTON Paar type microwave under acidic (fluorhydric and nitric acids) and high pressure conditions. The dissolution was carried out in a 50 min cycle: a 10 min temperature rise followed by a 40 min step at maximum temperature (260˚C) and cooling to 35˚C. Figure 1 . Extraction site of the lateritic clay of Katiola town [14] . The crystalline mineralogical phases were determined using a Bruker multifunctional D8 ADVANCE model diffractometer. Measurements were conducted on powdered samples using continuous scanning mode in 2θ range of 2˚ -70˚ with a step size of 0.01˚ (2θ) and a counting time of 0.25 s.
The thermal behavior of the clay sample was followed using a SETSYS Evolution equipment from SETARAM for temperatures range from 30˚C to 1200˚C under dried-air atmosphere with a rise rate of 5˚C/min. Alumina powder, previously calcined at 1500˚C for 1 hour was used as reference material. The specific area of the clay was determined by Brunauer Emmett and Teller (BET) method using Micromeritics TriStar II [15] . Measurements were performed after 16 hours degassing-step at 200˚C on the crushed and sieved samples at 100 µm.
The porosity was obtained using the ratio of pore volume to the total volume of material. The porosity rate was determined by the expression provided in Equation (1).
( )
Porosity rate 1 100
where ρ s is the density of the material calculated using both dimensions and mass of the material.
ρ p , is the density of the solid measured using the helium pycometer.
The thermal conductivity of CEB samples was determined by hot disk method. This technique gives directly access to the thermal conductivity of the ma- (Table 1 ). All samples were oven-dried at 40˚C for 7 days prior to analyses.
Elaboration of the Compressed Earth Brick Samples (CEB)
Several
Results and Discussion
Characterization of the Raw Lateritic Clay (Lat)
Chemical compositions as well as physical parameters of the lateritic clay (Lat) are recorded in ).
Maignian [19] who works on laterites showed that the density of the lateritic 
 A third mass loss (6%) is observed between 400˚C and 600˚C. This mass loss could due to the superposition of two phenomena, namely dehydroxlation of kaolinite Equation (2) and illite in lateritic clay [21] :
 At 572˚C, an endothermic phenomenon which corresponds to the transition of quartz (α→β) is observed.  At around 954˚C, an exothermic peak was observed. It is due to the structural reorganization of metakaolinite in a spinel phase [21] . The reaction is as follows:
[ ] 
Physical Properties of Compressed Earth Bricks (CEB) Reinforced With Shea Meals with Cement
The influence of shea meal rate on both the density and the thermal conductivity of compressed earth bricks was studied and the correlation between the two studied parameters was also discussed. . This increase is partly due to the reduction of the porous network in the material from 35% to about 28% and to the large amount of cement-based phases (CSH, C 3 AH 3 ….). This results from the hydration of the cement, which contributes to increase the rigidity of the material structure. Therefore, heat transfer is improved in the material. When the shea meal content is higher than that of the cement, the thermal conductivity of the material decreases and the porosity rate increases from 28% for the material containing 2% shea meal to about 33% for the samples containing 6% and 8% shea meal.
However, this porosity rate remains lower than that of the material without shea meal. The decrease of thermal conductivity value observed could be explained by the known low thermal conductivity of organic matter. On the other hand, when the shea meal content reaches 10%, the thermal conductivity reaches [25] . In order to better understand the thermal behavior of compressed earth bricks reinforced with shea meal and cement, a relation between the thermal conductivity and the density of these materials has been established. And a positive correlation between both parameters is observed ( Figure 6 ). The low value of the correlation coefficient (r 2 = 0.619) shows a lower correlation between density and thermal conductivity. This is coherent because a material is less dense has more void between these particles, resulting in a decrease in the thermal conductivity. It can be noted that for the low values thermal conductivity correspond to the lowest of the density. Except for a shea meal content of 0%, in this case the density is highest but the thermal conductivity is lower than that of the sample with 2% shea butter waste. This would explain the low value of the correlation coefficient (r 2 = 0.619) between thermal conductivity and density.
Conclusions
The main objective of this work was to study the influence of shea meal on the thermal properties of stabilized earth bricks (CEB) with cement. In order to do so, a lateritic clay composed mainly of kaolinite, quartz, hematite, goethite and illite, shea meals recovered from the shea butter manufacturing in the Korhogo region and cement were used. Different formulations from lateritic clay and 5% cement were studied. This study shows that the presence of shea meal causes the Figure 6 . Correlation between density and thermal conductivity of CEB stabilized with 5% of cement and shea meal (0% to 10%). •K −1 for that containing 10%. The shea meal improves the thermal insulation properties of elaborated bricks. A good correlation between the thermal conductivity and the density of these bricks could be noted.
This exploratory work has made it possible to show the possibility to use the shea meal in building materials. However, the understanding of the interactions of organic matter and the mineral phases deserves deepening. Consideration should be given to also the development of these materials with other types of clay minerals.
